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'HIRUPDWLRQ 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LPSURYHWKHFRPSXWDWLRQDOHIILFLHQF\DQGFRQYHUJHQFHVSHHGRIWKH8''RSWLPLVDWLRQPHWKRG7KHUHVXOWVRI
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FRPSDUHG WRERWK*$DQG362PHWKRGV ,W LVVKRZQWKDW LQ
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&KLQD  ,QGRQHVLD  +DLWL  7XUNH\  1HSDO  KDYH KLJKOLJKWHG WKH KLJK VHLVPLF
YXOQHUDELOLW\ RI WKH H[LVWLQJ EXLOGLQJ VWRFN HVSHFLDOO\ LQ GHYHORSLQJ FRXQWULHV 7R LPSURYH WKH VHLVPLF
SHUIRUPDQFHRIVWUXFWXUHVHLWKHUIRUQHZEXLOGLQJGHVLJQRUVWUHQJWKHQLQJSXUSRVHVGLIIHUHQWW\SHVRISDVVLYH
FRQWUROV\VWHPVKDYHEHHQLQWURGXFHGVXFKDVYLVFRXVYLVFRHODVWLFIULFWLRQDQGK\VWHUHWLFGDPSHUV7RUHGXFH
KXPDQDQGHFRQRPLF ORVVHV LQ IXWXUHHDUWKTXDNHVXVLQJ OLPLWHGDYDLODEOH UHVRXUFHV LW LVFUXFLDO WRDVVHVV WKH
FRVWDQGEHQHILWRIDQ\VWUHQJWKHQLQJ LQWHUYHQWLRQ >@7KLVKLJKOLJKWV WKH LPSRUWDQFHRIGHYHORSLQJHIILFLHQW
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DQG0XOOHU>@GHYHORSHGDQHQHUJ\EDVHGPHWKRGWRLGHQWLI\WKHEHVWSRVLWLRQRIYLVFRXVGDPSHUVLQDOLQHDU
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WRILQGWKHEHVWGHVLJQRIYLVFRXVGDPSHUV
ZKHUH D JUHDWHU GDPSLQJ FRHIILFLHQW LV XVXDOO\ REWDLQHG IRU WKH VWRULHV ZLWK KLJKHU UHODWLYH LQWHUVWRU\ GULIW
UDWLRV
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VWUHQJWKHQLQJUHKDELOLWDWLRQGHVLJQRIGLIIHUHQWW\SHVRIVWUXFWXUDOV\VWHPV:KLOHHDUOLHUVWXGLHVPDLQO\DSSOLHG
*HQHWLF $OJRULWKP HJ >@ RWKHU PHWKRGV VXFK DV $UWLILFLDO %HH &RORQ\ $OJRULWKP >@ %DFNWUDFNLQJ
6HDUFK 2SWLPLVDWLRQ $OJRULWKP >@ DQG +\EULG PHWKRGV >@ ZHUH DOVR DGRSWHG ,Q JHQHUDO PHWDKHXULVWLF
DOJRULWKPV DUH VXLWDEOH WR REWDLQ WKH EHVW JOREDO RSWLPXP VROXWLRQ IRU QRQOLQHDU V\VWHPV +RZHYHU WKHLU
FRQYHUJHQFH VSHHG LV UHODWLYHO\ ORZDQG WKH\DUHFRPSXWDWLRQDOO\H[SHQVLYHHVSHFLDOO\ IRUPRUHFRPSOLFDWHG
SUREOHPV 7KHUHIRUH WKHVH PHWKRGV DUH QRW VXLWDEOH IRU SUDFWLFDO RSWLPLVDWLRQ RI QRQOLQHDU SDVVLYH FRQWURO
V\VWHPVXQGHUG\QDPLFHDUWKTXDNHH[FLWDWLRQV
*UDGLHQWEDVHG DOJRULWKPV DUH DOVR DSSOLHG WR ILQG WKH EHVW GHVLJQ VROXWLRQV IRU GLIIHUHQW SDVVLYH FRQWURO
V\VWHPV 7DNHZDNL >@ GHYHORSHG D SURFHGXUH WR ILQG WKH EHVW SODFHPHQW RI YLVFRXV GDPSHUV WR UHGXFH D
WUDQVIHU IXQFWLRQ UHODWHG WR WKH PD[LPXP LQWHUVWRU\ GULIWV ,W ZDV VKRZQ WKDW WR LPSURYH WKH VHLVPLF
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SHUIRUPDQFHRIWKHV\VWHPYLVFRXVGDPSHUVVKRXOGEHFRQFHQWUDWHGPDLQO\LQWKHVWRULHVZLWKKLJKHUWUDQVIHU
IXQFWLRQ DPSOLWXGH ,Q D IROORZ XS VWXG\ 7DNHZDNL HW DO >@ XVHG WKH VWHHSHVW GLUHFWLRQ VHDUFK PHWKRG WR
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OHDGWRRSWLPXPUHVXOWVLQOHVVQXPEHURILWHUDWLRQVFRPSDUHGWRWKHPHWDKHXULVWLFRSWLPLVDWLRQDOJRULWKPVHJ
>@ +RZHYHU WKH\ KDYH VRPH GUDZEDFNV VXFK DV FRQYHUJHQFH WR ORFDO RSWLPDO VROXWLRQV GLIILFXOW
LPSOHPHQWDWLRQ KLJK FRPSXWDWLRQDO HIIRUW QHHGHG WR FDOFXODWH GHULYDWLYHV RI WKH REMHFWLYH IXQFWLRQV DW HDFK
ORDG VWHS DQG VXVFHSWLELOLW\ WR QXPHULFDO QRLVH > @ 0RUH UHFHQWO\ 1DELG HW DO > @ GHYHORSHG D
SUDFWLFDO PHWKRG IRU PRUH HIILFLHQW GHVLJQ RI IULFWLRQEDVHG ZDOO GDPSHUV DQG VKRZHG WKDW WKH HQHUJ\
GLVVLSDWLRQFDSDFLW\RI WKHGDPSHUVFDQEHVLJQLILFDQWO\ LQFUHDVHGE\XVLQJDPRUHDSSURSULDWHGLVWULEXWLRQRI
IULFWLRQ IRUFHV $OWLHUL HW DO >@ DOVR XVHG D OLQHDU DSSUR[LPDWLRQ PHWKRG &2%</$ IRU UHOLDELOLW\EDVHV
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PDWHULDOLVJUDGXDOO\VKLIWHGIURPVWURQJSDUWVWRZHDNSDUWVRIDVWUXFWXUHXQWLODVWDWHRIXQLIRUPGHIRUPDWLRQ
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FRQFUHWHIUDPHV>@DQGWUXVVOLNHVWUXFWXUHV>@,QWKHSUHVHQWVWXG\IRUWKHILUVWWLPHD0RGLILHG8QLIRUP
'LVWULEXWLRQRI'HIRUPDWLRQ08''DOJRULWKPLVLQWURGXFHGIRURSWLPXPVWUHQJWKHQLQJGHVLJQRIPXOWLVWRU\
VWHHO PRPHQW UHVLVWLQJ IUDPHVZLWKEXFNOLQJ UHVWUDLQHGEUDFH %5%GDPSHUVE\ XVLQJDGDSWLYHFRQYHUJHQFH
IDFWRUV:KLOHHDUOLHUVWXGLHVRQRSWLPXPVWUHQJWKHQLQJPDLQO\FRQVLGHUHGJOREDOUHVSRQVHVVXFKDVLQWHUVWRU\
GULIWRUDFFHOHUDWLRQRIVWRULHVDVWKHSHUIRUPDQFHPHDVXUHLQWKLVVWXG\WKHGHPDQGWRFDSDFLW\UDWLR'&5RI
WKHPHPEHUVLVFRQVLGHUHGDVWKHNH\SHUIRUPDQFHFULWHULRQDVSHU$6&(>@7RVKRZWKHHIILFLHQF\RI
WKHSURSRVHGPHWKRGWKHUHVXOWVRIWKH08''DOJRULWKPIRURSWLPXPVWUHQJWKHQLQJGHVLJQRIWKUHHVWRU\DQG
QLQHVWRU\'VWHHOPRPHQW UHVLVWLQJIUDPHVDUHFRPSDUHGZLWK*HQHWLF$OJRULWKP*$DQG3DUWLFOH6ZDUP
2SWLPLVDWLRQ362PHWDKHXULVWLFRSWLPLVDWLRQPHWKRGV
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
7KHFURVVVHFWLRQRIWKHDGRSWHGEXFNOLQJUHVWUDLQHGEUDFH%5%GDPSHULVGHSLFWHGLQ)LJ7KHVWHHOWXEH
DQGWKHHQFDVLQJPRUWDUFDQSUHYHQWWKHEXFNOLQJRI%5%E\FRQILQLQJWKHVWHHOFRUH6LQFHRQO\WKHVWHHOFRUH
FDUULHV WKH D[LDO IRUFHV WKH XQERQGLQJ PDWHULDO EHWZHHQ WKH PRUWDU DQG WKH VWHHO FRUH FDQ FDXVH UHODWLYH
GLVSODFHPHQWVEHWZHHQWKHVHVHFWLRQVVHH)LJ7KHZLGWKRIWKHVWHHOFRUHLVFRQVLGHUHGDFRQVWDQWYDOXHRI
PPZKLOHWKHWKLFNQHVVRIWKHFRUHLVRQHRIWKHGHVLJQYDULDEOHVYDU\LQJEHWZHHQPPDQGPP)RU
SUDFWLFDOSXUSRVHVLQHDFKVWRU\WKHWKLFNQHVVHVRIDOO%5%GDPSHUVDUHFRQVLGHUHGWREHVLPLODU,WVKRXOGEH
QRWHG WKDW WKH RSWLPXP GHVLJQ PHWKRG SURSRVHG LQ WKLV VWXG\ LV JHQHUDO DQG FDQ EH HDVLO\ DSSOLHG RQ RWKHU
VKDSHVRI%5%GDPSHUVVXFKDVVTXDUHRUFLUFXODUKROORZWXEHV
)LJ(PSOR\HG%5%FURVVVHFWLRQ
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7RLQFUHDVHWKHFDSDFLW\RIWKHVWUXFWXUDOPHPEHUVDGGLWLRQDOSODWHVDUHDOVRZHOGHGWRWKHEHDPDQGFROXPQ
HOHPHQWVZKHQUHTXLUHG)LJVKRZVWKHFRQILJXUDWLRQRIWKHZHOGHGSODWHVLQEHDPDQGFROXPQVHFWLRQV7KH
WKLFNQHVVRIWKHZHOGHGSODWHVFRQVLGHUHGLQWKLVVWXG\DUHQRSODWHRUPP
)RUDIUDPHZLWKWKHQXPEHURIVWRULHVHTXDO WR 61  WKHYDULDEOHVYHFWRU,FDQEHH[SUHVVHGDFFRUGLQJWR
(TXDWLRQ
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ZKHUH LW LV WKH WKLFNQHVV RI WKH VWHHO FRUH IRU WKHGDPSHUV LQ L WK VWRU\ H1  UHSUHVHQWV WKHQXPEHURI IUDPH
HOHPHQWVDQG M7   LV WKH WKLFNQHVVRI WKHH[WHUQDOO\ZHOGHGVWHHOSODWHVIRU M WKHOHPHQW&RQVLGHULQJ WKDW WKH
ZLGWKRIWKHVWHHOFRUHLQWKH%5%HOHPHQWVXVHGLQWKLVVWXG\LVDVVXPHGWREHPVHH)LJWKHFURVV
VHFWLRQDODUHDRIWKH%5%FRUHFDQEHGLUHFWO\FDOFXODWHGEDVHGRQWKHWKLFNQHVVRIWKHVWHHOFRUH LW XVLQJWKH
IROORZLQJHTXDWLRQ
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DEHDPVEFROXPQV



'HVLJQ&RQVWUDLQWV

,Q WKLV SDSHU WKH GHPDQG WR FDSDFLW\ UDWLR '&5 OLPLWV RI WKH VWUXFWXUDO PHPEHUV LQ FRPSOLDQFH ZLWK
$6&(>@ LVFRQVLGHUHGDV WKHGHVLJQFRQVWUDLQWV$FFRUGLQJ WR WKLV VWDQGDUG WKHFKRUGURWDWLRQ LV WKH
SULPDU\FULWHULRQWRFDOFXODWH WKH'&5RIWKHGHIRUPDWLRQFRQWUROOHGHOHPHQWV7KHUHIRUHIRUWKH'&5RIWKH
EHDPHOHPHQWVZKLFKDUHDOZD\VFRQVLGHUHGWREHGHIRUPDWLRQFRQWUROOHGGXHWRWKHLUIOH[XUDODFWLRQFDQEH
GHILQHGE\(TXDWLRQ

TT
T
EHDPSEHDP\
EHDPEHDP'&5  
 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
ZKHUHT EHDP LVWKHWRWDOFKRUGURWDWLRQRIWKHEHDPT EHDP\  LVWKH\LHOGURWDWLRQRIWKHEHDPDQGT EHDPS  LV
WKHSHUPLVVLEOHSODVWLFURWDWLRQRIWKHEHDPGHWHUPLQHGLQDFFRUGDQFHZLWK$6&(>@
$FFRUGLQJWR$6&(>@ WKHFROXPQVZLWKWKHD[LDO ORDG3 OHVV WKDQRIWKHORZHUERXQGD[LDO
FROXPQVWUHQJWK3&/DUHGHIRUPDWLRQFRQWUROOHGZKLOH WKHFROXPQVZLWKKLJKHUD[LDO ORDGVLH3!3&/
VKDOOEHFRQVLGHUHGDVIRUFHFRQWUROOHG7KHUHIRUHLQWKLVVWXG\WKHIROORZLQJHTXDWLRQLVXVHGWRFDOFXODWHWKH
'&5RIWKHIRUFHFRQWUROOHGDQGGHIRUPDWLRQFRQWUROOHGFROXPQV

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
ZKHUH T FROXPQ  LV WKH WRWDO FKRUG URWDWLRQ RI WKH FROXPQ T FROXPQ\  LV WKH \LHOG URWDWLRQ RI WKH FROXPQ DQG
T FROXPQS  LV WKH SHUPLVVLEOH SODVWLF URWDWLRQ RI WKH FROXPQ GHWHUPLQHG LQ DFFRUGDQFH ZLWK $6&( >@
0 [ DQG 0 \  GHQRWH WKH EHQGLQJ PRPHQW LQ WKH FROXPQ DERXW [D[LV DQG \D[LV UHVSHFWLYHO\ 6LPLODUO\
0 [&/  DQG 0 \&/  VKRZWKHORZHUERXQGIOH[XUDOVWUHQJWKRIWKHFROXPQDERXWWKHSULQFLSDOD[HV
,Q WKLV VWXG\ D 1RQOLQHDU 6WDWLF 3URFHGXUH 163 LV XVHG WR HYDOXDWH WKH GHVLJQ FRQVWUDLQWV LQ WKH DERYH
HTXDWLRQV7KH IUDPHVDUHVXEMHFWHG WRJUDGXDOO\ LQFUHDVLQJ ODWHUDO ORDGZLWKD ORDGSDWWHUQEDVHGRQ WKH ILUVW
PRGH XQWLO WKH WDUJHW GLVSODFHPHQW FDOFXODWHG LQ DFFRUGDQFH ZLWK $6&( >@ LV DFKLHYHG IRU VHLVPLF
KD]DUGOHYHOVRI%6(DQG%6(DVVKRZQLQ)LJ









)LJ'HVLJQUHVSRQVHDFFHOHUDWLRQVSHFWUXPVIRUVHLVPLFKD]DUGOHYHOV%6(DQG%6(
2EMHFWLYH)XQFWLRQ
,QJHQHUDOWKHPDLQFRVWIRUVHLVPLFVWUHQJWKHQLQJRIVWHHOVWUXFWXUHVZLWK%5%GDPSHUVLVGHWHUPLQHGE\WKH
FRVWRIVWHHOPDWHULDOXVHG LQ WKHGDPSHUVDQGH[WHUQDOO\ZHOGHGSODWHVDVZHOODV WKHDVVRFLDWHGFRQVWUXFWLRQ
DQGLQVWDOODWLRQFRVWV,QWKLVVWXG\IRUVLPSOLFLW\WKHWRWDODPRXQWRIWKHUHTXLUHGPDWHULDOLVFRQVLGHUHGDVWKH
REMHFWLYHIXQFWLRQ)RIWKHRSWLPLVDWLRQSURFHVVXVLQJWKHIROORZLQJHTXDWLRQ

 uuu  DD 3HQDOW\3HQDOW\%5%I)

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
ZKHUH WRW$ UHSUHVHQWV WKH VXPRI DOO%5%GDPSHUV¶FURVVVHFWLRQDODUHD %5%1 LV WKH WRWDOQXPEHURI%5%
GDPSHUV PLQ$ DQG PD[$ DUHWKHPLQLPXPDQGPD[LPXPFURVVVHFWLRQDODUHDRIDVLQJOHGDPSHUUHVSHFWLYHO\
3ODWH9 LV WKHWRWDOYROXPHRUZHLJKWRIDGGLWLRQDOH[WHUQDOO\ZHOGHGSODWHV WRWKHWRWDOYROXPHRUZHLJKWRI
WKHVWUXFWXUDOHOHPHQWVDQG '&5L LVWKHGHPDQGWRFDSDFLW\UDWLRRILWKHOHPHQW7RFDOFXODWH PLQ$ DQG PD[$ 
EDVHGRQ(TXDWLRQ PLQW DQG PD[W DUHDVVXPHGWREHPPDQGPPUHVSHFWLYHO\
,QWKHSURSRVHGREMHFWLYHIXQFWLRQ I %5% LVWKHWRWDODUHDRIWKH%5%GDPSHUVWKDWLVVFDOHGEDVHGRQWKH
PLQLPXPDQGPD[LPXPSRVVLEOHDUHDRIGDPSHUVWKDWFDQEHSUDFWLFDOO\XVHGLQWKHVWUXFWXUH7KLVSDUDPHWHU
YDULHV IURP  WR  IRU WKH FDVH ZLWK PLQLPXP DQG PD[LPXP SRVVLEOH DUHD RI %5% GDPSHUV
UHVSHFWLYHO\D 3HQDOW\  LV D SHQDOW\ IDFWRU FRUUHVSRQGLQJ WR WKH XVH RI H[WHUQDOO\ ZHOGHG SODWHV GXH WR WKHLU
UHODWLYHO\ KLJKHU FRQVWUXFWLRQ DQG LQVWDOODWLRQ FRVWVD 3HQDOW\  LV D SHQDOW\ IDFWRU WKDW LV XVHG WR HQVXUH WKH
RSWLPXPGHVLJQVROXWLRQVDWLVILHVWKHSUHGHILQHGSHUIRUPDQFHWDUJHW

08''$/*25,7+0
,QWKLVVWXG\D0RGLILHG8QLIRUP'LVWULEXWLRQRI'HIRUPDWLRQ08''DOJRULWKPLVLQWURGXFHGWRILQGWKH
EHVWWKLFNQHVVHVRIWKH%5%GDPSHUVDWGLIIHUHQWVWRU\OHYHOVWKDWFDQVDWLVI\WKHSUHVFULEHGSHUIRUPDQFHWDUJHWV
XVLQJ PLQLPXPDPRXQWRI VWUXFWXUDO PDWHULDO ,Q WKHSURSRVHG PHWKRG ILUVW WKH VPDOOHVW WKLFNQHVV  PLQW  LV
DVVLJQHGWRDOO%5%GDPSHUV7KHPD[LPXPGHPDQGWRFDSDFLW\UDWLR'&5RIDOOEHDPDQGFROXPQHOHPHQWV
DWHDFKIORRULVWKHQFDOFXODWHGWRLGHQWLI\WKHPRVWFULWLFDOVWRULHV)RUH[DPSOHWKH'&5RIWKHVHFRQGVWRU\LQ
WKHIUDPHVKRZQLQ)LJLVHTXDOWRWKHODUJHVW'&5RIWKHVSHFLILHGPHPEHUV

)LJ5HOHYDQWPHPEHUVWRWKHVHFRQGVWRU\

6XEVHTXHQWO\ WKH WKLFNQHVVRI WKH%5%GDPSHUVDW WKHVWRULHVZLWK'&5YDOXHVKLJKHUDQG ORZHUWKDQ WKH
DOORZDEOH SHUIRUPDQFH OLPLW LV LQFUHDVHG DQG GHFUHDVHG UHVSHFWLYHO\ E\ XVLQJ DQ LWHUDWLYH PHWKRG 7R KDYH
JRRG FRQYHUJHQFH WKH IROORZLQJHTXDWLRQ LV VXJJHVWHG WR PRGLI\ WKH WKLFNQHVVRI WKH %5%GDPSHUV DW HDFK
VWHS

QHWW'&5QL'&5QHWW'&5
QHWW'&5QL'&5
QLQLQL WW DUJDUJ
DUJ



 u E 



ZKHUH QLW  LVWKHWKLFNQHVVRI%5%GDPSHUXVHGDWQ
WKVWRU\LQLWKLWHUDWLRQ QL'&5  LVWKH'&5RIQWKVWRU\LQLWK
LWHUDWLRQ QHWW'&5 DUJ LV WKH WDUJHW'&5RIQWK VWRU\DQG QL E  LV WKHDGMXVWPHQWFRHIILFLHQW IRUQWK VWRU\ LQ
LWK LWHUDWLRQ3DUDPHWHU E  FDQGLUHFWO\ FRQWURO WKH FRQYHUJHQFH VSHHGRI WKHRSWLPLVDWLRQSURFHVV )LJ 
VKRZVWKDWXVLQJKLJKHU E YDOXHVUHVXOWVLQPRUHVLJQLILFDQWFKDQJHVLQWKHWKLFNQHVVRIGDPSHUVDWHDFKVWHS7KHUHIRUHWKLVIDFWRUSOD\VDQLPSRUWDQWUROHLQWKHFRQYHUJHQFHRIWKHSURSRVHGRSWLPLVDWLRQSURFHVV,QWKLV
VWXG\DFRQVWDQW E YDOXHRILVXWLOL]HGWRSURYLGHDEDODQFHEHWZHHQDFFXUDF\DQGFRQYHUJHQFHVSHHG

)LJ,QIOXHQFHRI E RQWKHYDULDWLRQRIWKHWKLFNQHVVRIGDPSHUVDWHDFKVWHS


:KLOHDFFRUGLQJWR$6&(>@DOOFROXPQVZLWK33&/DUHFRQVLGHUHGWREHGHIRUPDWLRQFRQWUROOHG
WKH DOORZDEOHSODVWLF URWDWLRQ FDSDFLW\ LV FRQVLGHUDEO\ KLJKHU IRU WKH FROXPQV ZLWK33&/ ,W PHDQV WKDW
LQFUHDVLQJWKHD[LDOORDGPD\UHGXFHWKHGHIRUPDWLRQFDSDFLW\RIWKHFROXPQHOHPHQWV:KLOHDQLQFUHDVHLQWKH
WKLFNQHVVRIWKHGDPSHUVFDQUHGXFHWKHODWHUDOGLVSODFHPHQWVDQGURWDWLRQGHPDQGVRIWKHVWUXFWXUDOHOHPHQWV
WKHDGGLWLRQDOVWLIIQHVVZLOOLQFUHDVHWKHD[LDOORDGVLQWKH%5%GDPSHUVDQGWKHLUDGMDFHQWFROXPQV7KLVFDQ
WKHUHE\UHGXFHWKHGHIRUPDWLRQFDSDFLW\RIWKHVHPHPEHUVDQGKHQFHLQFUHDVHWKHLU'&57RDGGUHVVWKLVLVVXH
LI WKHD[LDO ORDGLQDFROXPQZLWKWKHODUJHVW'&5LQDVWRU\FKDQJHVWKH$6&(DFFHSWDQFHFULWHULD WKH
'&5RIWKHFROXPQLVUHGXFHGE\XVLQJH[WHUQDOO\ZHOGHGSODWHVDVGLVFXVVHGLQSUHYLRXVVHFWLRQVHH)LJ
8VLQJ08''DOJRULWKPWKHIROORZLQJSURFHGXUHLVVXJJHVWHGIRURSWLPXPVWUHQJWKHQLQJGHVLJQRIPXOWLVWRU\
VWHHOVWUXFWXUHV
 $QDO\VLQJWKHYXOQHUDEOHVWUXFWXUHXQGHUWKHGHVLJQHDUWKTXDNHWRFDOFXODWH WKH'&5RIDOOVWUXFWXUDO
HOHPHQWV XVLQJ WKH 1RQOLQHDU 6WDWLF 3URFHGXUH 163 EDVHG RQ $6&( >@ $W WKLV VWDJH D
PLQLPXPWKLFNQHVVLVDVVLJQHGWRDOO%5%GDPSHUV
 0RGLI\LQJWKHWKLFNQHVVRIWKH%5%GDPSHUVDWHDFKVWRU\DFFRUGLQJWR(TXDWLRQ
 $GGLQJH[WHUQDOO\ZHOGHGSODWHVWRWKHUHTXLUHGHOHPHQWVDFFRUGLQJWR$6&(DFFHSWDQFHFULWHULD
 $QDO\VLQJWKHVWUXFWXUHXQGHUWKHGHVLJQHDUWKTXDNHDFFRUGLQJWRWKHFKDQJHVRFFXUUHGLQ6WHSVDQG

 ,I DW OHDVW RQH RI WKH FRQGLWLRQV GHILQHG LQ (TXDWLRQV  DQG  LV VDWLVILHG WKH RSWLPLVDWLRQ
SURFHGXUHZLOOEHWHUPLQDWHG2WKHUZLVHWKHRSWLPLVDWLRQSURFHGXUHZLOOEHUHSHDWHGIURP6WHS

DUJ d QHWWQL '&5'&5 

PLQ WW QL    QHWWQL '&5'&5 DUJ d 

7KHILUVWFRQGLWLRQLV WRFKHFNLIWKH'&5DWDOOVWRULHVLVFORVHHQRXJKWRWKHWDUJHWYDOXH,WVKRXOGEHQRWHG
WKDW LQ VRPHFDVHV HJ LI WKH WKLFNQHVVRI WKH%5% GDPSHUV LV PLQLPXP WKH'&5DW VRPH VWRULHV PD\EH
ORZHUWKDQWKHWDUJHWYDOXH,QWKLVFDVHWKHODWWHUFRQGLWLRQLVFRQVLGHUHGWRHQGWKHRSWLPLVDWLRQSURFHVV,QWKLV
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
VWXG\ WKH WDUJHW '&5 IRU DOO VWRULHV ZDV FRQVLGHUHG WREH LH DUJ  QHWW'&5  ,W VKRXOGEH
QRWHG WKDW LQ WKH SURSRVHG RSWLPLVDWLRQ PHWKRG WKH H[WHUQDOO\ ZHOGHG VWHHO SODWHV DUH RQO\ XVHG ZKHQ WKH
PD[LPXPVL]HRI%5%GDPSHUVFDQQRWVDWLVI\WKH$6&(>@GHVLJQUHTXLUHPHQWV7KLVHQVXUHVWKDWWKH
PLQLPXPDPRXQWRIVWHHOSODWHVLVXWLOLVHGLQWKHILQDOGHVLJQVROXWLRQGXHWRWKHDGGLWLRQDOFRQVWUXFWLRQFRVWV
UHTXLUHGWRZHOGWKHH[WHUQDOSODWHV


*(1(7,&$1'3$57,&/(6:$50237,0,6$7,21$/*25,7+06
*HQHWLF$OJRULWKPV*$>@DQG3DUWLFOH6ZDUP2SWLPLVDWLRQ362>@DUHWZRSRSXODUVWRFKDVWLFVHDUFK
PHWKRGVWKDWKDYHEHHQZLGHO\XVHGWRREWDLQWKHJOREDORSWLPXPVROXWLRQRIFRPSOH[QRQOLQHDUSUREOHPV,Q
WKH ILUVW VWHS WKHVH PHWKRGV JHQHUDWH D SRSXODWLRQ RI FDQGLGDWH VROXWLRQV 6XEVHTXHQWO\ DFFRUGLQJ WR WKH
REMHFWLYHIXQFWLRQDQGWKHDGRSWHGPHWKRGWKH\SURGXFHEHWWHUVROXWLRQVRYHUVXFFHVVLYHJHQHUDWLRQVZKHUHE\
WKH ILWWHVW LQGLYLGXDOV VXUYLYHDQG UHSURGXFH ,QJHQHUDO*$ PHWKRGVKDYH WKUHHSULPDU\RSHUDWRUV LQFOXGLQJ
6HOHFWLRQ&URVVRYHU DQG0XWDWLRQ$SHQDOW\ UHVXOWLQJ IURP YLRODWLQJ DGHVLJQ FRQVWUDLQW LQ*$ UHVXOWV LQ D
UHGXFHGRSSRUWXQLW\IRUSDUHQWSURSHUWLHV WREHSDVVHGRQWRWKHQH[WJHQHUDWLRQ2QWKHRWKHUKDQG362LVD
SRSXODWLRQEDVHG DOJRULWKP ZKLFK LV LQVSLUHG E\ WKH VZDUPLQJ EHKDYLRXU RI ELRORJLFDO SRSXODWLRQV VXFK DV
IORFNV RI ELUGV RU VFKRROV RI ILVK 8QOLNH *$ VROXWLRQV DUH RSWLPLVHG E\ XSGDWLQJ JHQHUDWLRQV ZLWKRXW DQ\
HYROXWLRQRSHUDWRUVVXFKDVFURVVRYHURUPXWDWLRQ
,Q WKLV VWXG\ WKH*$DQG362PHWDKHXULVWLFDOJRULWKPV ZHUHXVHG WRDVVHVV WKHDGHTXDF\RI WKHSURSRVHG
08''DOJRULWKP7KH2SWLPLVDWLRQ7RROER[LQ0DWODE>@ZDVXVHGWRSHUIRUP*$RSWLPLVDWLRQZKLOHWKH
PHWKRGRORJ\GHYHORSHGE\3HUH]DQG%HKGLQDQ>@ZDVDGRSWHGIRU362)RU*$RSWLPLVDWLRQWKH5RXOHWWH
+HXULVWLFDQG8QLIRUPIXQFWLRQVLQ0DWODE>@ZHUHXWLOLVHGIRU6HOHFWLRQ&URVVRYHUDQG0XWDWLRQRSHUDWRUV
UHVSHFWLYHO\ 7KH 5RXOHWWH VHOHFWLRQ IXQFWLRQ FKRRVHV WKH SDUHQWV E\ DVVXPLQJ WKDW WKH DUHD RI WKH VHFWLRQ
FRUUHVSRQGLQJWRDQLQGLYLGXDOLVSURSRUWLRQDOWRLWVH[SHFWDWLRQ7KHDOJRULWKPLVWKHQXVHVDUDQGRPQXPEHUWR
VHOHFWRQHRIWKHVHFWLRQVZLWKDSUREDELOLW\HTXDOWRLWVDUHD7KH+HXULVWLFFURVVRYHUIXQFWLRQUHWXUQVDFKLOGD
VPDOOGLVWDQFHDZD\IURPWKHEHWWHUSDUHQWLHEHWWHUILWQHVVYDOXHLQWKHGLUHFWLRQDZD\IURPWKHSDUHQWZLWK
WKH ZRUVH ILWQHVV YDOXH 7KH 8QLIRUP PXWDWLRQ IXQFWLRQ FUHDWHV D UDQGRP LQLWLDO SRSXODWLRQ ZLWK D XQLIRUP
GLVWULEXWLRQ7KHPRVWLPSRUWDQWVHWWLQJSDUDPHWHUVWRFRQWUROWKHFRQYHUJHQFHRI362DOJRULWKPDUHFRJQLWLYH
SDUDPHWHUVRFLDOSDUDPHWHUDQG,QHUWLD:HLJKW8VLQJLQDSSURSULDWHSDUDPHWHUVFDQUHVXOWLQGHVWDELOL]DWLRQRI
WKHRSWLPLVDWLRQSURFHVVRU OHDG WRSUHPDWXUHFRQYHUJHQFH ,Q WKLV VWXG\ WKHFRJQLWLYHDQGVRFLDOSDUDPHWHUV
ZHUHVHW WREHHTXDOWRDVUHFRPPHQGHGE\3HUH]DQG%HKGLQDQ>@7KH,QHUWLD:HLJKWZDVDOVRFKDQJHG
EHWZHHQWRZLWKHDFKLWHUDWLRQXVLQJWKHG\QDPLFGHFUHDVHIXQFWLRQSURSRVHGE\)RXULHDQG*URHQZROG
>@



02'(//,1*$1'$668037,216
$ WKUHHVWRU\ DQG D QLQHVWRU\ PRPHQW UHVLVWLQJ VWHHO IUDPH DUH GHVLJQHG DV FDVH VWXG\ H[DPSOHV WR
LQYHVWLJDWH WKH HIILFLHQF\ RI WKHSURSRVHGRSWLPLVDWLRQ PHWKRG LQ WKLV VWXG\ ,Q WKLV VWXG\ WKH DQDO\VHV ZHUH
FRQGXFWHGRQ'IUDPHPRGHOV7KHJHRPHWU\ORDGLQJFRQGLWLRQDQGPDWHULDOFKDUDFWHULVWLFVRIWKHIUDPHVDUH
VLPLODUWRWKH)(0$6$&EXLOGLQJVORFDWHGLQ/RV$QJHOHV>@)LJVDQGVKRZWKHIUDPHOD\RXWORFDWLRQ
RI%5%GDPSHUVDQGEHDPDQGFROXPQVHFWLRQVL]HVRIWKHWKUHHVWRU\DQGWKHQLQHVWRU\IUDPHVUHVSHFWLYHO\
7KH XWLOL]HG ODWHUDO ORDG UHVLVWLQJ V\VWHP LQ WKHVH EXLOGLQJV FRQVLVWV RI IRXU LQGHSHQGHQW PRPHQW UHVLVWLQJ
IUDPHVLQSHUSHQGLFXODUGLUHFWLRQVVHSDUDWHGE\KLQJHFRQQHFWLRQV$FFRUGLQJWR$6&(>@WKHVHLVPLF
SHUIRUPDQFHRIWKHVHIUDPHVZDVHYDOXDWHGXQGHUWKHIROORZLQJORDGFRPELQDWLRQ
(//'/ r  

ZKHUH'///DQG(UHSUHVHQWWKHGHVLJQ³'HDG/RDGV´³/LYH/RDGV´DQG³(DUWKTXDNH/RDGV´UHVSHFWLYHO\
2SHQVHHV VRIWZDUH >@ ZDV XVHG IRU QRQOLQHDU VWDWLF DQDO\VHV RI WKH IUDPHV XQGHU VHLVPLF ORDGV 7R PRGHO
%5%VGDPSHU WKH&RURW7UXVV HOHPHQW LQ2SHQVHHV >@ZDVXVHG7KHVWHHOFRUHZDVPRGHOOHGXVLQJ ILEHU
HOHPHQWVZLWK WKH<LHOGVWUHVVRINVL N1FP7KH3GHOWDHIIHFWVZHUHFRQVLGHUHG LQ WKHSXVKRYHU
DQDO\VHVE\WDNLQJLQWRDFFRXQWDOOOHDQLQJFROXPQVDVVXJJHVWHGE\)RXWFKDQG<XQ>@



)LJ7KHIUDPHOD\RXWORFDWLRQRIGDPSHUVDQGEHDPDQGFROXPQVHFWLRQVL]HVWKUHHVWRU\IUDPH




)LJ7KHIUDPHOD\RXWORFDWLRQRIGDPSHUVDQGEHDPDQGFROXPQVHFWLRQVL]HVQLQHVWRU\IUDPH








5(68/76$1'',6&866,216
7KUHHVWRU\IUDPH
7KH SHUIRUPDQFH RU VWUHQJWKHQLQJ WDUJHW IRU WKH WKUHHVWRU\ IUDPH ZDV WR DFKLHYH ,PPHGLDWH 2FFXSDQF\
,2IRUWKHVHLVPLFKD]DUGOHYHORI%6(>@$VVKRZQLQ)LJWKHVHOHFWHGIUDPHKDVFROXPQDQG
EHDPHOHPHQWVDQG%5%GDPSHUV7KHGHVLJQYDULDEOHVLQWKLVFDVHZKHUHWKHWKLFNQHVVRIWKHVWHHOFRUHIRU
WKHGDPSHUVDWHDFKVWRU\DQGWKHLVWKHWKLFNQHVVRIWKHH[WHUQDOO\ZHOGHGVWHHOSODWHVIRUWKHEHDPDQGFROXPQ
PHPEHUVLHGHVLJQYDULDEOHVLQWRWDO)LJVKRZV WKHYDULDWLRQRI WKHREMHFWLYHIXQFWLRQ)GXULQJWKH
RSWLPLVDWLRQSURFHVVXVLQJ08''DOJRULWKP:KLOHWKHVHOHFWHGREMHFWLYHIXQFWLRQZDVQRWGLUHFWO\XVHGLQWKH
08'' RSWLPLVDWLRQ DOJRULWKP LWV GHVFHQGLQJ WUHQG FOHDUO\ VKRZV WKH HIILFLHQF\ RI WKH SURSRVHG PHWKRG WR
UHGXFHWKHUHTXLUHGVWUXFWXUDOZHLJKWE\XVLQJWKHFRQFHSWRIXQLIRUPGLVWULEXWLRQRIGHIRUPDWLRQGHPDQGV,WLV
VKRZQLQ)LJWKDWWKHFRQYHUJHQFHZDVSUDFWLFDOO\DFKLHYHGDIWHURQO\VWHSV7KHORFDOLQFUHPHQWVLQWKH
REMHFWLYHIXQFWLRQLQ)LJDUHPDLQO\DVVRFLDWHGWRWKHFKDQJHVLQWKHSHUPLVVLEOHSODVWLFURWDWLRQRIFROXPQV
GXH WR WKH YDULDWLRQ RI WKH D[LDO ORDGV GXULQJ WKH RSWLPLVDWLRQ SURFHVV $V PHQWLRQHG EHIRUH DFFRUGLQJ WR
$6&(>@WKHSHUPLVVLEOHSODVWLFURWDWLRQRIWKHGHIRUPDWLRQFRQWUROOHGFROXPQVT FROXPQS LVGLIIHUHQW
IRUWKHFROXPQVZLWK33&/!DQG33&/


)LJ9DULDWLRQRIWKHREMHFWLYHIXQFWLRQIRURSWLPDOVWUHQJWKHQLQJRIWKHWKUHHVWRU\IUDPHXVLQJ08''
DOJRULWKP

)LJVKRZVWKHYDULDWLRQRIWKH'&5RIDOOVWRULHVGXULQJWKHRSWLPLVDWLRQSURFHVVXVLQJ08''DOJRULWKP
$VGLVFXVVHGEHIRUH WKH LQFUHDVH LQ WKH'&5RI WKH ILUVW DQGVHFRQG VWRU\ LQ WKH ILIWK LWHUDWLRQ LVGXH WR WKH
FKDQJHV LQ WKH T FROXPQS  RI D IHZ GHIRUPDWLRQFRQWUROOHG FROXPQV )LJ  LOOXVWUDWHV WKH YDULDWLRQ RI WKH
H[WHUQDOO\ZHOGHGSODWHV¶YROXPHGXULQJWKHRSWLPLVDWLRQSURFHVV,WFDQEHVHHQWKDWE\LQFUHDVLQJWKH'&5RI
WKHVWRULHVLQWKHILIWKLWHUDWLRQ08''DOJRULWKPDGGHGVRPHH[WHUQDOO\ZHOGHGSODWHVWRWKHZHDNFROXPQVLQ
RUGHUWRFRPSHQVDWHWKHFKDQJHVLQWKHLUSHUPLVVLEOHSODVWLFURWDWLRQ&RQVHTXHQWO\LWLVVKRZQLQ)LJVDQG
WKDWWKLVPRGLILFDWLRQUHVXOWHGLQDGHFUHDVHLQWKH'&5RIWKHILUVWDQGWKHVHFRQGVWRU\DVZHOODVWKHREMHFWLYH
IXQFWLRQLQWKHVL[WKLWHUDWLRQ
)RUFRPSDULVRQSXUSRVHVWKHDERYHRSWLPLVDWLRQSUREOHPZDVVROYHGDJDLQE\XVLQJ*$DQG362PHWKRGV
7KHDQDO\VHVZHUHVWDUWHGZLWKDSRSXODWLRQVL]HRI LQGLYLGXDOVDQG WKHRSWLPLVDWLRQZDVUXQ WKUHH WLPHV
XVLQJHDFKPHWKRG7KHEHVWVROXWLRQLHZLWKWKHPLQLPXPYDOXHRIREMHFWLYHIXQFWLRQZDVWKHQFRPSDUHG
ZLWK WKH UHVXOWVRI08''DOJRULWKP7KH UHSHDWHGRSWLPLVDWLRQVDUH UHSUHVHQWHGE\*$*$*$DQG
362362362IRU*$DQG362PHWKRGVUHVSHFWLYHO\7KH*$DQG362DOJRULWKPVZHUHWHUPLQDWHGDW
DQ DVVLJQHG PD[LPXP QXPEHU RI LWHUDWLRQV HTXDO WR  LH  QXPEHU RI DQDO\VHV )RU EHWWHU
FRPSDULVRQV)LJVKRZVWKHYDULDWLRQRIWKHREMHFWLYHIXQFWLRQVDWGLIIHUHQWLWHUDWLRQV
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2E
MHF
WLY
H)
XQ
FWL
RQ
1XPEHURI$QDO\VHV


)LJ9DULDWLRQRI'&5RIVWRULHVXVLQJ08''DOJRULWKP

)LJ9DULDWLRQRIH[WHUQDOO\ZHOGHGSODWHV¶YROXPHXVLQJ08''DOJRULWKP


7R FRPSDUH WKH QXPEHU RI LWHUDWLRQV UHTXLUHG WR UHDFK WKH RSWLPXP GHVLJQ VROXWLRQ XVLQJ GLIIHUHQW
DOJRULWKPVWKHREMHFWLYHIXQFWLRQRQHSHUFHQWDERYHWKHILQDODQVZHUZDVFRQVLGHUHGDVWKHEHQFKPDUN%DVHG
RQWKHUHVXOWVLQ)LJVDQGWRDFKLHYHWKHRSWLPXPDQVZHU08''*$DQG362PHWKRGVUHTXLUHDURXQG
DQGLWHUDWLRQVUHVSHFWLYHO\7KLVKLJKOLJKWVWKHHIILFLHQF\RIWKHSURSRVHG08''PHWKRGWR
FRQYHUJHWRWKHRSWLPXPVROXWLRQLQVLJQLILFDQWO\OHVVQXPEHURILWHUDWLRQVRUDQDO\VHVFRPSDUHGWRERWK*$
DQG362PHWKRGV$OVR LWFDQEHQRWHGWKDW WKH LQJHQHUDO362DOJRULWKPFRQYHUJHGWR WKHRSWLPXPDQVZHU
IDVWHUWKDQ*$
)LJV  DQG  VKRZ WKH VXP RI %5%V WKLFNQHVVHV DW GLIIHUHQW VWRULHV DV ZHOO DV WKH WKLFNQHVVHV RI WKH
UHTXLUHGH[WHUQDOO\ZHOGHGSODWHVWRFRQWUROWKH'&5RIWKHVWUXFWXUDOHOHPHQWVXVLQJ08''362DQG*$
7KHHOHPHQWQXPEHUVDUHJLYHQLQ)LJ2YHUDOOWKHUHVXOWVLQGLFDWHWKDWWKHVHOHFWHGPHWKRGVSURYLGHGYHU\
VLPLODUGHVLJQVROXWLRQVZLWKWKHDGGLWLRQDOSODWHVPDLQO\DVVLJQHGWRWKHHOHPHQWVDQG,W
GHPRQVWUDWHVWKHHIILFLHQF\RIWKHPHWKRGRORJ\XVHGWRREWDLQWKHUHTXLUHGH[WHUQDOO\ZHOGHGSODWHVLQ08''
DOJRULWKPWKDWFDQVLJQLILFDQWO\VLPSOLI\WKHFRPSOH[RSWLPLVDWLRQSURFHVV
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)LJ9DULDWLRQRIWKHREMHFWLYHIXQFWLRQIRURSWLPDOVWUHQJWKHQLQJRIWKHWKUHHVWRU\IUDPHXVLQJD*$E
362

 )LJ2SWLPXPGLVWULEXWLRQRI%5%VFURVVVHFWLRQDODUHDVXVLQJ08''362DQG*$WKUHHVWRU\
IUDPH
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6XPRIWKHFURVVVHFWLRQDODUHDVRI%5%VFP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
)LJ7KLFNQHVVRIWKHDGGLWLRQDOH[WHUQDOO\ZHOGHGSODWHVUHTXLUHGIRURSWLPXPVWUHQJWKHQLQJRIVWUXFWXUDO
HOHPHQWVWKUHHVWRU\IUDPH
)RUDEHWWHUFRPSDULVRQWKHILQDORSWLPLVDWLRQUHVXOWVREWDLQHGE\GLIIHUHQWRSWLPLVDWLRQDOJRULWKPVDUHOLVWHG
LQ 7DEOH  ,W LV VKRZQ WKDW *$ 362 DQG 08'' PHWKRGV OHG WR WKH GHVLJQ VROXWLRQV ZLWK WKH REMHFWLYH
IXQFWLRQVRIDQGUHVSHFWLYHO\7KHREMHFWLYHIXQFWLRQRIWKH08''DOJRULWKPZDVVOLJKWO\
EHWWHUWKDQ*$DQGRQO\KLJKHUWKDQWKDWRIWKH362PHWKRG7KLVLQGLFDWHVWKDWWKH08''DOJRULWKPZDV
FDSDEOH WRFRQYHUJH WR WKHRSWLPXPGHVLJQ VROXWLRQZLWK VLJQLILFDQWO\ ORZHUFRPSXWDWLRQDOHIIRUWV LHXS WR
WLPHVOHVVQXPEHURIDQDO\VHVFRPSDUHGWRERWK*$DQG362PHWKRGV

7DEOH&RPSDULVRQRIWKHRSWLPXPGHVLJQVROXWLRQVXVLQJ*$362DQG08''RSWLPLVDWLRQPHWKRGV
WKUHHVWRU\IUDPH
2SWLPLVDWLRQ
PHWKRG
6XPRI%5%SODWHFURVV
VHFWLRQDODUHDVFP
9ROXPHRIDGGHG
SODWHVFP
1XPEHURI
DQDO\VHV
2EMHFWLYH
IXQFWLRQ
*$  î  
362  î  
08''  î  

)LJFRPSDUHVWKHGLVWULEXWLRQRI'&5VRIWKHVWRULHVIRUWKHWKUHHVWRU\EDUHIUDPHEHIRUHVWUHQJWKHQLQJ
ZLWK WKH IUDPHV RSWLPLVHG XVLQJ GLIIHUHQW PHWKRGV :KLOH WKH LQLWLDO VWUXFWXUH GLG QRW VDWLVI\ WKH WDUJHW
SHUIRUPDQFHEDVHGGHVLJQUHTXLUHPHQWVDOOWKUHHRSWLPLVDWLRQPHWKRGVOHGWRDFFHSWDEOHGHVLJQVROXWLRQVLH
'&5V  ,W LV VKRZQ WKDW *$ 362 DQG 08'' PHWKRGV DOO OHG WR WKH GHVLJQ VROXWLRQV ZLWK XQLIRUP
GLVWULEXWLRQRI'&5VZKHUHWKHPD[LPXPGHPDQGWRFDSDFLW\UDWLRVRIDOOVWRULHVUHDFKHGWKHWDUJHWYDOXHLH
'&5  7KLV FDQ YHULI\ WKH DGHTXDF\ RI WKH XVLQJ WKH FRQFHSW RI XQLIRUP GLVWULEXWLRQ RI GHPDQGV LQ
REWDLQLQJWKHEHVWGHVLJQVROXWLRQVXVLQJPLQLPXPVWUXFWXUDOZHLJKW
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)LJ'LVWULEXWLRQRI'&5VRIWKHVWRULHVIRUWKHWKUHHVWRU\EDUHIUDPHDQGWKHIUDPHVUHWURILWWHGXVLQJ
GLIIHUHQWRSWLPLVDWLRQPHWKRGV

1LQHVWRU\IUDPH

,Q WKLV VHFWLRQ WKH QLQHVWRU\ PRPHQW UHVLVWLQJ VWHHO IUDPH VKRZQ LQ )LJ  LV UHWURILWWHG WR VDWLVI\ WKH
SHUIRUPDQFHOHYHORI/LIH6DIHW\/6XQGHU$6&(%6(VHLVPLFKD]DUGOHYHO7KHVHOHFWHGIUDPHKDV
FROXPQDQGEHDPHOHPHQWVDQG%5%GDPSHUV)LJVKRZVWKHYDULDWLRQRIWKHREMHFWLYHIXQFWLRQ
ZLWK WKH QXPEHU RI LWHUDWLRQV XVLQJ WKH 08'' RSWLPLVDWLRQ DOJRULWKP 7KH UHVXOWV LQGLFDWH WKDW WKH 08''
DOJRULWKPUHDFKHGDGHVLJQVROXWLRQZLWKWKHREMHFWLYHIXQFWLRQRIDIWHULWHUDWLRQV08''DOJRULWKP
DVVLJQHG H[WHUQDOO\ ZHOGHG SODWHV ZLWK WKH WKLFNQHVV RI  PP WR WKH HOHPHQWV    DQG  HOHPHQW
QXPEHUVDUHJLYHQLQ)LJ&RQVLGHULQJ WKH WDUJHWREMHFWLYHIXQFWLRQRQHSHUFHQWDERYH WKHILQDODQVZHU LW
FDQEHFRQFOXGHGWKDWWKHFRQYHUJHQFHZDVSUDFWLFDOO\DFKLHYHGDIWHURQO\VWHSV,WVKRXOGEHQRWHGWKDWE\
FRQVLGHULQJWKHWKLFNQHVVHVRIWKHH[WHUQDOO\ZHOGHGSODWHVDVGHVLJQYDULDEOHVIRURSWLPXPVWUHQJWKHQLQJRIWKH
QLQHVWRU\IUDPHWKHVHDUFKVSDFHZRXOGEHXSWRWLPHVODUJHUWKDQWKHFDVHZKHUHRQO\WKHGLVWULEXWLRQRI
%5%GDPSHUVLVFRQVLGHUHG7KLVPDNHVLWLPSUDFWLFDOWRXVHFRPSXWDWLRQDOO\H[SHQVLYHRSWLPLVDWLRQPHWKRGV
VXFKDV*$DQG362)RUWKLVUHDVRQWKHQLQHVWRU\IUDPHZDVGHVLJQHGLQVXFKDZD\WKDWWKH%5%HOHPHQWV
FDQVDWLVI\WKH$6&(GHVLJQUHTXLUHPHQWVZLWKRXWXVLQJH[WHUQDOO\ZHOGHGSODWHV7KHUHIRUHWKHGHVLJQ
YDULDEOHVLQWKLVFDVHZKHUHWKHWKLFNQHVVRIWKHVWHHOFRUHIRUWKH%5%GDPSHUVDWHDFKVWRU\
)RU*$DQG362WKHSRSXODWLRQVL]HZDVVHW WREHDQGHDFKDOJRULWKPZDVUHSHDWHGWKUHHWLPHVXVLQJ
GLIIHUHQW UDQGRP LQLWLDO SRSXODWLRQV WR REWDLQ WKH EHVW GHVLJQ VROXWLRQ ZLWK PLQLPXP %5% ZHLJKW 7KH
SUHGHILQHGLWHUDWLRQQXPEHUIRU*HQHWLF$OJRULWKPDQG362PHWKRGZDVFRQVLGHUHGWREHLH LQ WRWDO
RYHUPLOOLRQDQDO\VHV IRUHDFK PHWKRG7KH UHSHDWHGRSWLPLVDWLRQVDUH UHSUHVHQWHG E\*$*$*$
DQG362362362IRU*$DQG362PHWKRGVUHVSHFWLYHO\
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)LJ9DULDWLRQRIWKHREMHFWLYHIXQFWLRQIRURSWLPDOVWUHQJWKHQLQJGHVLJQRIWKHQLQHVWRU\IUDPHXVLQJ
08''DOJRULWKP

)LJFRPSDUHVWKHREMHFWLYHIXQFWLRQRI*$DQG362PHWKRGVIRURSWLPXPGHVLJQRIWKHQLQHVWRU\IUDPH
LQGLIIHUHQWLWHUDWLRQV,WLVVKRZQWKDW*$DQG362PHWKRGVUHDFKHGWKHRSWLPXPGHVLJQVROXWLRQDIWHUDOPRVW
DQGLWHUDWLRQVUHVSHFWLYHO\:KLOHWKHUHVXOWVGHPRQVWUDWHWKHIDVWHUFRQYHUJHQFHRI362FRPSDUHG
WR*$ERWKPHWKRGVDUHWRRFRPSXWDWLRQDOO\H[SHQVLYHWREHSUDFWLFDOZKHQFRPSDUHGZLWK08''PHWKRG
)LJ  VKRZV WKH KHLJKWZLVHGLVWULEXWLRQRI WKH WRWDO%5% UHTXLUHG WKLFNQHVVHV SURSRUWLRQDO WR WKH WRWDO
%5%ZHLJKWIRUWKHQLQHVWRU\IUDPHRSWLPLVHGXVLQJ08''362DQG*$PHWKRGV7KHGHWDLOVRIWKHILQDO
RSWLPLVDWLRQUHVXOWVDUHDOVRSURYLGHGLQ7DEOH7KHUHVXOWV LQGLFDWHWKDW08''DOJRULWKPOHGWRWKHORZHVW
REMHFWLYHIXQFWLRQZKLFKLVDQGORZHUWKDQWKDWRI*$DQG362PHWKRGVUHVSHFWLYHO\)XUWKHUPRUHLW
LVVKRZQLQ7DEOHWKDWWKHWRWDO%5%UHTXLUHGWKLFNQHVVHVRUZHLJKWIRUWKH*$DQG362GHVLJQVROXWLRQV
DUHDURXQGDQGKLJKHUWKDQWKH08''DOJRULWKP7KLVFRQILUPVDJDLQWKHFDSDELOLW\RIWKHSURSRVHG
08''PHWKRGWRFRQYHUJHWRWKHRSWLPXPJOREDOGHVLJQVROXWLRQHYHQEHWWHUWKDQ*$DQG362LQRQO\DIHZ
LWHUDWLRQV
7KHKHLJKWZLVHGLVWULEXWLRQ RI'&5 LQ WKH QLQHVWRU\EDUH IUDPH EHIRUH VWUHQJWKHQLQJ DQG WKHRSWLPXP
UHWURILWWHG GHVLJQ VROXWLRQV XVLQJ *$ 362 DQG 08'' PHWKRGV DUH FRPSDUHG LQ )LJ  :KLOH WKH LQLWLDO
VWUXFWXUH H[FHHGHG WKH PD[LPXP DOORZDEOH GHPDQG WR FDSDFLW\ UDWLRV DW WKH ERWWRP VL[ VWRULHV DOO WKUHH
RSWLPLVDWLRQ PHWKRGV OHG WR DFFHSWDEOH GHVLJQ VROXWLRQV LH '&5 ,W FDQ EH QRWHG WKDW WKH RSWLPLVHG
VWUXFWXUHVDOVRH[KLELWHGDPRUHXQLIRUPGLVWULEXWLRQRIGHPDQGWRFDSDFLW\UDWLRVFRPSDUHGWRWKHLQLWLDOIUDPH
,WLVZRUWKPHQWLRQLQJWKDW%5%VDWWKHWRSWKUHHVWRULHVRI*$362DQG08''RSWLPXPVROXWLRQVKDYHWKH
PLQLPXPDFFHSWDEOH WKLFNQHVV VHH(TXDWLRQ  DQG WKHUHIRUH LWZDVQRWSRVVLEOH WR UHGXFH WKH'&5VRI
WKHVHVWRULHVWRDFKLHYHDPRUHXQLIRUPGLVWULEXWLRQ
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9ROXPHRIDGGHG
SODWHVFP
1XPEHURI
DQDO\VHV
2EMHFWLYH
IXQFWLRQ
*$    
362    
08''    


&21&/86,216
$QRYHOSHUIRUPDQFHEDVHGRSWLPLVDWLRQPHWKRG08''ZDVLQWURGXFHGEDVHGRQWKHFRQFHSWRIXQLIRUP
GLVWULEXWLRQ RI GHIRUPDWLRQ GHPDQGV IRU VWUHQJWKHQLQJ GHVLJQ RI PXOWLVWRU\ VWHHO PRPHQW IUDPHV XVLQJ
EXFNOLQJUHVWUDLQHGEUDFH%5%GDPSHUVDQGH[WHUQDOO\ZHOGHGVWHHOSODWHV7KHSURSRVHGPHWKRGZDVDSSOLHG
IRURSWLPXPVWUHQJWKHQLQJGHVLJQRID WKUHHDQGDQLQHVWRU\IUDPHWRVDWLVI\,PPHGLDWH2FFXSDQF\,2DQG
/LIH6DIHW\/6SHUIRUPDQFHWDUJHWVXQGHU%6(DQG%6(VHLVPLFKD]DUGOHYHOVUHVSHFWLYHO\7KHUHVXOWV
ZHUH WKHQ FRPSDUHG ZLWK PHWDKHXULVWLF RSWLPLVDWLRQ PHWKRGV XVLQJ *HQHWLF $OJRULWKPV *$ DQG 3DUWLFOH
6ZDUP2SWLPLVDWLRQ 362:KLOH WKH LQLWLDO VWUXFWXUHVEHIRUH VWUHQJWKHQLQJGLGQRW VDWLVI\ WKH WDUJHWGHVLJQ
UHTXLUHPHQWVDOO WKUHHRSWLPLVDWLRQPHWKRGV OHGWRDFFHSWDEOHGHVLJQVROXWLRQV7KHUHVXOWV LQGLFDWHGWKDW WKH
SURSRVHG08''PHWKRG LVFDSDEOHRIFRQYHUJLQJ WR WKHRSWLPXPJOREDOGHVLJQ VROXWLRQVZLWK WKHREMHFWLYH
IXQFWLRQVYHU\FORVHWRWKRVHRI*$DQG362PHWKRGVZKLOHLWLVVLJQLILFDQWO\OHVVFRPSXWDWLRQDOO\H[SHQVLYH
)RUH[DPSOHLWZDVVKRZQWKDWIRUWKHWKUHHVWRU\IUDPH*$DQG362PHWKRGVUHTXLUHRYHUDQG
QXPEHU RI DQDO\VHV WR FRQYHUJH WR WKH RSWLPXP VROXWLRQ UHVSHFWLYHO\ ZKLOH E\ XVLQJ 08'' WKH RSWLPXP
GHVLJQVROXWLRQLVDFKLHYHGRQO\DIWHULWHUDWLRQV$VLPLODUWUHQGZDVDOVRREVHUYHGIRUWKHQLQHVWRU\IUDPH
7KHGHVFHQGLQJ WUHQGRI WKHREMHFWLYH IXQFWLRQ WRWDO VWUXFWXUDO ZHLJKW UHTXLUHG IRU VWUHQJWKHQLQJGXULQJ WKH
08'' RSWLPLVDWLRQ SURFHVV KLJKOLJKWHG WKH HIILFLHQF\ RI XVLQJ WKH FRQFHSW RI XQLIRUP GLVWULEXWLRQ RI
GHIRUPDWLRQ GHPDQGV WR VLPSOLI\ WKH RSWLPLVDWLRQ SURFHVV 7KLV FRQFOXVLRQ ZDV IXUWKHU FRQILUPHG E\ WKH
REVHUYDWLRQ WKDW WKH PHWKRGV ZLWK ORZHU REMHFWLYH IXQFWLRQV LH OHVV UHTXLUHG VWUXFWXUDO ZHLJKW LQ JHQHUDO
H[KLELW D PRUH XQLIRUP GLVWULEXWLRQ RI GHPDQG WR FDSDFLW\ UDWLRV '&5V 7KHUHIRUH WKH FRPSXWDWLRQDOO\
HIILFLHQW RSWLPLVDWLRQ PHWKRGRORJ\ SURSRVHG LQ WKLV VWXG\ VKRXOG SURYH XVHIXO LQ SHUIRUPDQFHEDVHG
VWUHQJWKHQLQJGHVLJQRIPXOWLVWRU\VWHHOVWUXFWXUHV
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